This observational study examined the associations of built environment features around the home and workplace with cardiorespiratory fitness (CRF) based on a treadmill test and body mass index (BMI) (weight (kg)/height (m) 2 ). The study included 8,857 adults aged 20-88 years who completed a preventive medical examination in 2000-2007 while living in 12 Texas counties. Analyses examining workplace neighborhood characteristics included a subset of 4,734 participants. Built environment variables were derived around addresses by using geographic information systems. Models were adjusted for individual-level and census block group-level demographics and socioeconomic status, smoking, BMI (in CRF models), and all other home or workplace built environment variables. CRF was associated with higher intersection density, higher number of private exercise facilities around the home and workplace, larger area of vegetation around the home, and shorter distance to the closest city center. Aside from vegetation, these same built environment features around the home were also associated with BMI. Participants who lived and worked in neighborhoods in the lowest tertiles for intersection density and the number of private exercise facilities had lower CRF and higher BMI values than participants who lived and worked in higher tertiles for these variables. This study contributes new evidence to suggest that built environment features around homes and workplaces may affect health. environment design; exercise; geographic information systems; obesity; physical fitness; workplace Abbreviations: BMI, body mass index; CRF, cardiorespiratory fitness; MET, metabolic equivalent.
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Obesity, sedentary lifestyle, and associated chronic disease risk factors represent complex problems that are affected by interactions between biology, energy-regulating behaviors, and environmental factors. The most promising approaches to preventing obesity and its health consequences at a population level come from a socioecological framework targeting multiple levels of influences (e.g., individual, interpersonal, environmental, and policy) (1) (2) (3) (4) (5) . The past 2 decades have borne much research focused on neighborhood physical, social, and economic conditions and their associations with physical activity, weight status, and long-term health outcomes (2, 3, (6) (7) (8) (9) (10) (11) . Much of this inquiry has focused on the built environment-the physical form of communities, including land use patterns (how land is used), large-and small-scale built and natural features (e.g., architectural details, landscaping), and the transportation system (facilities and services that connect locations) (12) . Features of the urban and suburban built environments, such as residential density, land use mix, and street connectivity, have been consistently associated with walking for transportation purposes and less consistently associated with leisure walking or weight status (10, (13) (14) (15) (16) . Associations between access to parks, trails, and other recreational facilities and physical activity have been mixed, with stronger associations observed for features of the parks (e.g., attractiveness, amenities) and the perceived safety of parks, rather than coarser measures of the mere presence or absence of parks (17) (18) (19) (20) (21) (22) (23) .
With few exceptions, the literature on how place (i.e., where one lives, works, socializes) affects health has focused exclusively on conditions of the home neighborhood (24) (25) (26) (27) (28) (29) (30) . Focusing on only the residential environment at 1 time point presents methodological limitations given the amount of time spent at other locations (e.g., workplace, school, and shopping and recreational settings) and the spatial mobility of most adults. Several researchers have noted the uncertainty in the extent to which the measured environments deviate from the true causally relevant environments that are exerting influence on health-related outcomes (i.e., the "uncertain geographic context problem") (31) and the unknown effect of neglecting nonresidential environments (i.e., the "residential trap") (26) .
In the current study, we sought to do the following: 1) examine the associations of a comprehensive set of built environment features around the home with measured cardiorespiratory fitness (CRF) and body mass index (BMI) (weight (kg)/height (m) 2 ); 2) assess the extent to which the built environment around the workplace is independently associated with CRF and BMI; and 3) assess how built environment features around both the home and workplace are associated with CRF and BMI. We hypothesized that adults who live and work in the least favorable conditions for physical activity would be less fit and more obese than adults who live and work in more favorable conditions.
MATERIALS AND METHODS

Study design and population
This cross-sectional study analyzed data from the Cooper Center Longitudinal Study (The Cooper Institute, Dallas, Texas). The study includes patients seen at the Cooper Clinic in Dallas, Texas, who came to the clinic for preventive medical examinations and for counseling regarding diet, exercise, and other lifestyle factors associated with chronic disease risk. Most patients were self-referred, although a substantial (but unknown) number were referred by their employers. Participants signed an informed consent for the clinical examinations. The institutional review boards of The Cooper Institute and Washington University in St. Louis (St. Louis, Missouri) approved the current study.
The current analysis includes data from the most recent examination of participants aged 18-90 years who had a maximal treadmill test between January 2000 and June 2007. In addition, the current study included participants with nonmissing geocodable home addresses in 11 counties of the DallasFort Worth, Texas, metropolitan area and Travis County in the Austin, Texas, metropolitan area, where the majority of participants resided (70%) and where detailed existing data about the built environment (e.g., land use, parks) were freely available. Of the 12,274 participants with geocoded home addresses in the study areas, 172 were excluded on the basis of the following criteria: history of heart attack or stroke, currently pregnant, or being sick for more than 6 weeks in the past year. An additional 1,306 participants were excluded for missing data on BMI or neighborhood built environment measures, and 1,939 more participants were excluded for missing data on covariates (e.g., race/ethnicity, smoking). Because the study population was homogeneous with respect to education, those with missing data were retained with values assigned to a missing category. Analyses involving workplace addresses excluded participants whose workplace addresses were not reported or not geocodable; participants who worked at home, outside the study area, or at the Cooper Aerobics Center, which includes the Cooper Clinic (to eliminate any selection bias); and participants who reported being unemployed or who had missing data on built environment measures in the workplace neighborhood. The final sample for analyses involving the home neighborhood was 8,857 (2,576 women and 6,281 men). Of these, 4,734 were included in analyses of the workplace neighborhood.
Data collection
Clinical examination. At the clinical examination, each patient completed a detailed medical history questionnaire consisting of demographic, health habit, and health history information. Each patient also underwent a maximal exercise treadmill test, a body composition assessment, blood chemistry analysis, blood pressure measurement, and a physical examination by a physician.
Geocoding addresses. All home and workplace addresses of patients living in Texas who had examinations with a maximal treadmill test between January 2000 and June 2007 (n = 16,939) were geocoded by Mapping Analytics, LLC (Rochester, New York). Of these, 89% of home addresses and 75% of workplace addresses were assigned to latitudes/longitudes corresponding to the locations of the addresses. All other addresses with low positional accuracy (i.e., geocoded to zip code centroid, census block group, census tract, or post office box) were excluded.
Neighborhood data. Existing spatial data for built environment features (land use, street connectivity, density, vegetation, sidewalk coverage, speed limits, public and private exercise facilities, and parks) were collected from many sources and prepared by using geographic information systems to generate individuallevel variables (Appendix). Several data sets (e.g., land use, parks, and private exercise facilities) required modification and/or correction prior to measures generation because of duplicates, differences in coding between the study regions, or inclusion of irrelevant facilities. For example, the parks data in the Dallas-Fort Worth region required the identification of topological errors, the creation and application of inclusion and exclusion criteria (e.g., exclusion of cemeteries, zoos), and the use of aerial photography and websites for verification. Details about the data ascertainment and preparation of data sources are available by request.
Measures CRF and BMI. CRF is an objective measure of physiological changes in response to physical activity (32) and recent physical activity (33) ; it was determined by a maximal exercise treadmill test by using a modified Balke protocol (34) as described elsewhere (35, 36) . Patients were encouraged to give maximal effort, and the test end point was volitional exhaustion or termination by the physician for medical reasons. Treadmill time was converted to maximal metabolic equivalent (MET) values as a standard measure of CRF (37, 38) . Time on the treadmill with this protocol is highly correlated with maximal oxygen uptake (VO 2max) (r = 0.94 in women (38) and r = 0.92 in men (37)).
Built environment measures. Neighborhood measures were created within buffers around home and work addresses (Appendix). Aside from the recreational facilities and proximity measures (i.e., distance measures), all measures were generated within 800-m network polygon buffers around the home and workplace addresses with the theory that these built environment features were more likely to influence physical activity within walking distance of the home or workplace. Smaller network buffers of 400 m were also tested in sensitivity analyses for these measures. Network buffers were generated by using ArcGIS Network Analyst (Esri, Inc., Redlands, California). Recreational facilities measures were created within larger radial (i.e., circular) buffers of 1,600 m, with the theory that this distance represents a close driving distance, does not exclude parks that may be offset from the street network (and therefore excluded from the network buffer), and has been used by others (21, 39) . Other buffers sizes (400 m, 800 m, 3,200 m, and 8,000 m) for recreational facility measures were tested in sensitivity analyses. Distance to the closest downtown area (as determined by the address of the city hall) of the 3 principal cities (Austin, Dallas, and Fort Worth, Texas) was used as a rough measure of regional accessibility or sprawl with the idea that regional location may be associated with CRF and BMI, independent of the built environment close to one's residence, via time spent in an automobile to reach destinations throughout the region (40) . Distance to workplace was examined for similar purposes among employed adults (41) .
Covariates. Age, sex, educational status (less than college, college graduate or higher, or missing), race (white or other because of low numbers in nonwhite race categories), marital status (single, married, or divorced/widowed), the presence of children living in the participant's household (yes or no), cigarette smoking (never smoked, former smoker, or current smoker), and self-reported physical activity were included as covariates. These represented predictors of CRF, physical activity, and BMI (32, (42) (43) (44) (45) (46) (47) and/or were associated with the built environment features in this data set. Self-reported weekly participation in 7 types of moderate to vigorous physical activities over the past 3 months was assessed via selfadministered questionnaire. Weekly minutes of moderate to vigorous physical activity were derived by multiplying frequency and duration for each type of physical activity and were weighted by each activity's assigned METs to yield weekly MET-minutes of moderate to vigorous physical activity (48) . In addition, census block group-level race/ethnicity (percent nonHispanic black and percent Hispanic), and poverty ( percent below 200% of the poverty level) were included as covariates, as recommended by others (30) .
Statistical analysis
Statistical analyses were conducted by using SAS, version 9.3, software (SAS Institute, Inc., Cary, North Carolina). To account for clustering of participants' residences within census block groups, we used generalized estimating equations and simultaneously adjusted for demographic characteristics (age, sex, education, race, marital status, and presence of children in the home), cigarette smoking, BMI (in the CRF models only), and all other built environment variables for the respective location of interest (home or workplace). Multicollinearity was assessed by using the variance inflation factor and by review of β coefficients with and without adjustment for other built environment variables. In addition, because physical activity likely mediates the relationship between the built environment and CRF and BMI, we controlled for weekly MET-minutes of physical activity separately and described how adjustment affected the regression coefficients. Unstandardized β estimates and 2-sided P values are reported. Interactions between each of the built environment variables and sex and age were tested to assess whether associations differed between men and women and across age groups. To assess the joint effects of home-workplace environmental features on CRF, we combined tertiles of built environment variables that were significantly associated with CRF around both the home and workplace into 9-category variables ranging from the lowest tertiles to the highest tertiles for both homeworkplace built environment variables.
RESULTS
The study population was predominantly male, white, collegeeducated, and married (Table 1 ). More than half of participants never smoked, 70% met physical activity recommendations, and more than 60% were overweight or obese.
In fully adjusted models, CRF was weakly associated with features of the home neighborhood, including intersection density, area of vegetation, and number of private exercise facilities (Table 2 ). Distance to the closest city center was negatively associated with CRF. For this model and the subsequent model with BMI as the outcome variable, multicollinearity was not a problem, with all variance inflation factors less than 3 and no meaningful change in β coefficients with and without adjustment for the other built environment variables (data not shown). In addition, adjustment for weekly MET-minutes of moderate to vigorous physical activity slightly attenuated the associations, and intersection density was no longer statistically significant (P = 0.05; data not shown). Results from sensitivity analyses using different buffer sizes are reported in the table footnotes.
BMI was negatively associated with intersection density and the number of private exercise facilities around the home and positively associated with distance to the closest city center. Only distance to the closest city center retained statistical significance after adjustment for weekly MET-minutes of physical activity (data not shown). No interactions were observed by sex or age.
Features of the built environment in the workplace neighborhood, including intersection density, area of vegetation, average speed limit, and number of private exercise facilities, were positively yet weakly associated with CRF (Table 3) . Distance from home to workplace was negatively associated with CRF. Variance inflation factors were higher for built environment variables in the workplace neighborhood models than in the home neighborhood models; yet, the variance inflation factors never exceeded 5, with most variance inflation factors less than 2. Dropping the sidewalk coverage variable (the variable with the highest variance inflation factor) from the final model did not significantly alter associations with correlated variables. Adjustment for weekly MET-minutes of physical activity slightly attenuated associations, but all variables retained statistical significance (data not shown). Results from sensitivity analyses using different buffer sizes are reported in the table footnotes.
BMI was negatively associated with the average number of features in parks and positively associated with distance to workplace. Adjustment for physical activity slightly attenuated these associations. No interactions were observed by sex or age.
Adjusted joint associations of home-workplace environmental features on CRF and BMI were examined for tertiles of built environment variables that were consistently associated with CRF and BMI around both the home and workplace, namely intersection density and the number of private exercise facilities. The reference groups for all comparisons were participants in the low tertiles for both home and workplace variables. Compared with those in the low tertiles for the number of private exercise facilities around the home and workplace (adjusted mean = 9.92 METs, 95% confidence interval: 9.76, 10.09), adjusted mean CRF levels were 0.39 METs higher among participants in the high-home and high-workplace tertiles (adjusted mean = 10.31 METs, 95% confidence interval: 10.15, 10.48; P < 0.001) and 0.17 METs higher among those in the low-home and middle-workplace tertiles (adjusted mean = 10.09 METs, 95% confidence interval: 9.92, 10.26; P < 0.05) ( Figure 1A ) for the number of private exercise facilities. Adjusted mean BMI levels were significantly lower among those in the high tertiles of private exercise facilities around the workplace across all home tertiles (P < 0.05) and among those in the high-home and low-workplace tertiles for the number of private exercise facilities (P < 0.05) ( Figure 1B) .
The patterns were similar for intersection density ( Figure 2 ). Compared with participants in the low tertiles for intersection density around both the home and workplace, those in the middle and high tertiles for intersection density in the workplace neighborhood, regardless of the intersection density in the home neighborhood for all but 1 stratum (middle-workplace and high-home tertiles), had higher mean CRF levels (all P <0.05) (Figure 2A ). Adjusted mean BMI values were significantly lower among all home and workplace tertiles of intersection density (P < 0.05) except among those in the low-home, middle-workplace tertiles and those in the middle-home, lowworkplace tertiles of intersection density ( Figure 2B ).
DISCUSSION
To our knowledge, this study was the first to document the independent and joint associations of detailed objective measures of the built environment around both the home and workplace with measured CRF and BMI. Higher street connectivity, the number of private exercise facilities, and neighborhood vegetation around both the home and workplace were independently associated with higher levels of CRF. Higher street connectivity and number of private exercise facilities around the home were associated with lower BMI. In addition, the location of one's home in the region was independently predictive of CRF and BMI. All else being equal, 2-standard deviation differences in intersection density (2 standard deviations = 26.0) and in the number of private recreational facilities (2 standard deviations = 7.3) were associated with 0.18 and 0.21 differences in VO 2max , respectively, and 0.36 and 0.34 differences in BMI, respectively (equivalent to approximately 1.0 kg for women and 1.1 kg for men of the sample mean heights). Effect sizes were similar for these built environment variables around the workplace. These effect sizes could translate into meaningful effects at a population level.
Associations with features of the workplace neighborhood, specifically intersection density, the number of private exercise facilities, and vegetation, suggest that the built environment beyond the home neighborhood may exert independent Home and Workplace Built Environments 1097
Am J Epidemiol. 2013;178 (7):1094-1105 effects on health. Among the sparse research on workplace and residential neighborhoods, 1 study of 148 adults reported significant associations with the home and workplace built environments for measures of physical activity occurring within the home and workplace buffers, as derived from global positioning system monitors and accelerometers, but not for total moderate to vigorous physical activity (49) . Another study of workplace built environment features among 117 adults found no association between self-reported workplace neighborhood factors and overall physical activity; however, several features (e.g., sidewalks, crosswalks) were correlated with taking at least 1 walking trip from the workplace in the past month (50) . Interestingly, features of the workplace neighborhoods in the current study were more strongly associated with CRF than with BMI, suggesting that the food environment within and outside the workplace, unmeasured here, may also contribute to body weight (51) .
Possible mechanisms for associations between the workplace built environment and health may be that adults are more physically active when the workplace environment provides opportunities for physical activity, particularly in this study population of healthy adults; alternatively, it could be that these built environment characteristics represent more urban environments, in which services are within closer proximity, requiring less driving and, thus, less time sitting. Altogether, more research is warranted to clarify the mechanisms by which characteristics of the workplace neighborhood affect CRF and BMI.
Elements of the built environment associated with both active transportation (intersection density) and with leisuretime physical activity ( private exercise facilities) were independently associated with CRF and BMI, which is generally consistent with findings from cross-sectional and quasiexperimental studies (9, 52, 53) . Also, associations between c In sensitivity analyses, associations with recreational facility variables were slightly attenuated when using larger buffer sizes (i.e., 3,200 m, 8,000 m) with the exception of parks, which became weakly positively associated with cardiorespiratory fitness when using 8,000-m buffers (β = 0.003; P = 0.049). Negative associations with the number of public exercise facilities became significant when using other buffer sizes (i.e., 400 m, 800 m, 3,200 m, and 8,000 m), again with weaker associations observed as buffer sizes increased. Associations with the other nonrecreational facility variables measured by using 400-m network buffers were either not significant or slightly weaker than when measured by using 800-m buffers.
d Adjusted for sex, age, marital status, children in home, educational status, smoking status, census block grouplevel percent below 200% poverty, percent black, percent Hispanic, and all other built environment variables.
e In sensitivity analyses, applying other buffer sizes to the built environment variables did not appreciably change the results for body mass index. Associations with the number of private exercise facilities and intersection density were weaker or not significant with other buffer sizes, and none of the other variables became significant after using a different buffer size.
f P values based on Wald test statistic from generalized estimating equations. g The entropy index (residential, commercial, institutional, office) ranges from 0 to 1, where 0 = no mix and 1 = equal mix.
h One mile = 1.61 km.
regional location and commute distance parallel those from studies of urban sprawl (54), regional accessibility (40), and long commutes (41, 55) , suggesting that the adverse effects of urban sprawl on health are attributable to more than the near-neighborhood built environment characteristics, but also reflect longer distances to commercial and employment destinations (7). This study is among the few that have examined associations between neighborhood greenness by using the Normalized Difference Vegetation Index and physical activity (49, 56) or obesity (57) . The lack of evidence for multicollinearity among built environment variables, as well as the lack of association between some built environment features and CRF and BMI, were unexpected. The Texas metropolitan areas in this study, and many others in the United States, are unlike highly dense US and European cities, and thus features like high street connectivity and land-use mix do not coexist, contrary to what has been observed by others (58) . Moreover, the levels of land use mix, household density, and sidewalks that are needed to affect physical activity and obesity may be insufficient to overcome the automobile-oriented transportation design and culture typical of the study regions. The lack of associations with proximity and density of parks may be attributable to the lack of information on quality of parks, which may be more influential than mere presence and proximity of parks. In addition, access to private exercise facilities, which may be visited more regularly and where physical activity can be of higher intensity, may contribute more to CRF and BMI in this study population. Other features, such as traffic speed, may have been too crude to detect associations with CRF and BMI.
Testing associations by using different buffer sizes indicated that application of different buffer sizes can alter the strength and c In sensitivity analyses, associations with the number of private exercise facilities were attenuated when using larger buffer sizes. Associations with the other built environment variables assessed at different buffer sizes were either slightly weaker or not significant, with the exception of land use mix, which became significantly negatively associated with cardiorespiratory fitness when assessed by using 400-m network buffers (β = −0.389; P = 0.009).
e In sensitivity analyses, applying larger buffer sizes to the recreational facilities variables (i.e., 3,200 m, 8,000 m) resulted in weaker, but significant, negative associations with the number of private exercise facilities (for 3,200 m, β = −0.025, P = 0.001; for 8,000 m, β = −0.012, P < 0.001), and positive associations with the number of public recreational facilities (for 3,200 m, β = 0.104, P = 0.016; for 8,000 m, β = 0.038, P = 0.017). In addition, when using 400-m network buffers around the workplace, land use mix (β = 1.050, P = 0.005) and sidewalk coverage (β = −0.091, P = 0.044) became significantly associated with body mass index.
f P values based on Wald test statistic from generalized estimating equations. g The entropy index (residential, commercial, institutional, office), ranges from 0 to 1, where 0 = no mix and 1 = equal mix.
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Am J Epidemiol. 2013;178 (7):1094-1105 significance of some associations. Two major themes emerged. First, the strength of associations with recreational facilities generally became weaker with the use of larger buffer sizes. Second, the significance of some variables was sensitive to the choice of buffer size, particularly the number of public exercise facilities and land use mix. The direction of associations with these 2 variables was opposite than expected, suggesting that this study region may differ from others that have been studied previously, or that these variables serve as proxies to unmeasured built or social environment features that are adversely associated with physical activity. Several limitations deserve mention. First, this study did not take into account other places where people spend time; more studies that characterize environmental exposures within individuals' activity spaces are needed (59, 60) . Second, we lacked information on the amount of time spent at home or in the workplace, the length of residence or employment, and the location of physical activity. The incorporation of time in measures of exposure will greatly enhance the understanding about how the geographies of life affect health (31, 61) . Third, the study participants were well-educated and predominantly white and, therefore, are not representative of the general population or high-risk subpopulations. Replication in diverse samples is needed. Fourth, the use of census block groups rather than individual buffers for census-derived racial composition and poverty variables introduced inconsistencies in the spatial scales used. Fifth, the cross-sectional design limits causal inference, leaving open the possibility that physically active individuals may choose homes in neighborhoods that support these preferences; however, self-selection may contribute less to the significant associations observed with built environment factors in the workplace neighborhoods.
In conclusion, this large observational study found that features of the built environment related to walkability, access to places to exercise, and sprawl were associated with measured CRF and BMI. Moreover, this study contributed new evidence to suggest that the effects of the built environment on health may not be limited to where a person lives but may be extended to include the workplace neighborhood.
